Purpose: To determine the visual and anatomic outcomes of epikeratoplasty in keratoglobus.
K eratoglobus is a rare disease characterized by diffuse corneal thinning, particularly peripherally, which often presents at birth. The corneal stromal thickness is significantly decreased, frequently to less than one-fifth normal corneal thickness. 1, 2 Acquired forms have been reported to be associated with vernal keratoconjunctivitis and thyroid ophthalmopathy. 3, 4 The congenital form has been associated with Leber congenital amaurosis 5 and blue sclera syndrome. 6 Keratoglobus with blue sclera syndrome is a systemic connective tissue disorder with abnormal collagen synthesis. Connective tissue disorders reported to be associated with keratoglobus include Ehlers-Danlos syndrome, Marfan syndrome, and osteogenesis imperfecta. 2 Concomitant abnormalities include joint hypermobility, dental and skeletal abnormalities, osteal fragility, and deafness. 1, [7] [8] [9] Eyes with keratoglobus are at risk for corneal perforation after minor trauma at an early age. 1 Repair of the cornea may be difficult and sometimes impossible, underscoring the importance of prevention against trauma, such as the use of protective glasses. In advanced cases, because of severe visual deterioration and high risk of corneal perforation, epikeratoplasty is recommended to preserve globe integrity and improve vision. Penetrating keratoplasty may be considered as the next surgical procedure in selected cases with inadequately improved vision. 2 Epikeratoplasty is an extraocular procedure introduced by Kaufman 10 for treatment of aphakia, keratoconus, and myopia. It seems to be an effective procedure for corneal reinforcement in patients with thin and fragile corneas. Herein, we report the visual and anatomic outcomes of epikeratoplasty in 7 eyes of 6 patients with keratoglobus at Labbafinejad Medical Center from 2000 to 2004.
MATERIALS AND METHODS
In an interventional case series, epikeratoplasty was performed in 7 eyes of 6 patients with keratoglobus and severe corneal thinning, including 3 cases with blue sclera associated with Ehlers-Danlos syndrome and 3 patients without systemic involvement.
Surgical Procedure
All procedures were performed under general anesthesia. The surgical technique was similar to that described by Jones and Kirkness 11 and Vajpayee et al. 12 To avoid passing sutures through the conjunctiva, a 360°peritomy was performed. Corneal epithelium was removed by gentle scraping with a no. 15 blade. Epithelium was further removed by applying alcohol-soaked cellulose sponges limited to areas of persistent epithelium. The corneal surface was evaluated for lack of residual epithelial cells with sterile fluorescein solution. Next, the cornea was superficially trephined equal to the size of the corneal diameter. Circumferential lamellar dissection was performed approximately 2 mm posterior to the limbus, taking care to prevent limbal stem cell damage. In the next stage, a corneo-scleral button 1 mm larger than the recipient was prepared from a fresh whole globe, and the endothelium and Descemet membrane were completely separated. Anteriorchamber paracentesis was performed to decrease intraocular pressure and to flatten the globular cornea. After laying the corneo-scleral button on the recipient bed, the margins were buried beneath the undermined recipient rim and fixed by 24 separate 10-0 nylon sutures (Figs. 1 and 2A and B). Suture adjustment was performed using the handheld Maloney keratoscope to reduce astigmatism. Peritomy was not performed in both eyes of patient 4 ( Table 1 ) because of normalappearing peripheral corneal thickness, and the donor button (0.5 mm smaller than corneal diameter) was sutured to the recipient limbus. Lateral tarsorrhaphy was performed in selected cases with possibility for development of ocular surface problems. Subconjunctival antibiotics and steroids were injected as the final step. Postoperative regimen consisted of a topical antibiotic (chloramphenicol eye drops 0.5% every 6 hours) for 1 week and a steroid (betamethasone eye drop 0.5%) 4 times a day, which was gradually tapered over 6 weeks.
RESULTS
Overall, 7 eyes of 6 patients from 6 to 39 years of age were operated. Three younger cases (patients 1, 2, and 3) had consanguineous parents and keratoglobus associated with blue sclera and joint hypermobility; all of these patients had lost 1 eye because of minor trauma. The other 3 patients were adults with advanced keratoglobus without systemic signs or blue sclera. One patient in this group underwent bilateral epikeratoplasty. No intraoperative complications occurred in any of the patients.
Pre-and postoperative data including age, sex, associated disorders, best-corrected visual acuity, and corneal thickness are shown in Table 1 . Patients were followed up for 10 to 30 months. In all cases, the epithelium healed within 5 days, and visual acuity increased or remained unchanged.
Mean visual acuity was 20/400 preoperatively and reached 20/160 postoperatively. Preoperative Orbscan revealed severe corneal thinning. Mean central corneal thickness (measured in 3 eyes) was 277 mm preoperatively, which was increased to 840 mm after surgery.
Postoperatively, neurotrophic ulcers occurred in 1 eye, which improved with tarsorrhaphy, punctal occlusion, and medical therapy. Intense conjunctival congestion occurred in 1 eye. Severe interface vascularization also occurred in 1 eye of the blue sclera group with intense preoperative ocular inflammation caused by total Descemet membrane detachment (Fig. 3A  and B ). Intrastromal epithelial cyst occurred in another eye, which gradually progressed and obscured the visual axis; repeat lamellar keratoplasty was carried out with a smallersized graft (Fig. 4) . None of the cases developed hydrops or corneal perforation.
DISCUSSION
Patients with keratoglobus and blue sclera are at high risk of corneal perforation either spontaneously or after minor trauma. 10, 13 Biglan et al 1 reported 5 patients in whom corneal perforation had occurred in 7 of 10 eyes before the age of 18. In this series, corneal thickness ranged from 230 to 305 mm. Corneal perforation had occurred in 1 eye of all patients in the blue sclera group. Unsuccessful repair of the cornea led to loss of the eye in 1 case; in the other 2 patients, corneal repair was not possible, and penetrating keratoplasty was performed with unsuccessful results and loss of the eyes.
Prevention against corneal perforation in patients with keratoglobus and blue sclera is of great importance. Protective glasses may not be a viable option in certain patients such as young children. Patients with keratoglobus often suffer from visual impairment secondary to irregular astigmatism and severe myopia when the ectasia progresses or after corneal hydrops and scarring develops. Spectacle correction may be of limited use for irregular astigmatism, and contact lens correction is contraindicated because of corneal fragility. 2 Penetrating keratoplasty may be technically difficult and is often unsuccessful because of peripheral corneal thinning. The larger (limbus to limbus) required corneal graft is also associated with increased risk of rejection.
Epikeratoplasty increases corneal thickness from limbus to limbus and produces a suitable bed for subsequent corneal grafts. It also induces corneal flattening, reduces irregular myopic astigmatism, and prevents corneal hydrops, which is relatively common in keratoglobus 2 and was evident in 1 eye in this series. Epikeratoplasty (onlay lamellar keratoplasty) seems to be the simplest and safest surgical procedure in these patients. Penetrating keratoplasty may be performed for central corneal scarring a few months after epikeratoplasty.
In 1991, Cameron et al 2 reported 6 patients with keratoglobus and blue sclera, all of whom had lost their fellow eyes after minor trauma. He used prepared lenticulas without performing a conjunctival peritomy in eyes with normalappearing peripheral corneal thickness. Similarly, our patients in the first group (keratoglobus and blue sclera) had previously lost 1 eye to minor trauma: patient 2 had a 17-year-old brother who had similar problems and had also lost 1 of his eyes at the age of 8. Epikeratoplasty in this group was similar to the surgical procedure of Cameron et al, with the exception that they used a prepared lenticula.
Jones and Kirkness 11 performed tectonic lamellar keratoplasty followed by secondary penetrating keratoplasty in a patient with keratoglobus. The technique of their first step was similar to the epikeratoplasty technique in our study, although the conjunctiva was left attached without performing limbal peritomy.
Vajpayee et al 12 performed central lamellar keratoplasty with peripheral intralamellar tuck as a new surgical technique in a patient with keratoglobus. Their technique was a combination of inlay and overlay lamellar keratoplasty. Dissection of the recipient's central cornea was performed to avoid increasing central thickness. Creation of a peripheral intrastromal pocket was helpful to preserve host limbal stem cells, which otherwise would have been destroyed if a large limbus-to-limbus lamellar graft was used. This approach reduced corneal ectasia, not only centrally but also peripherally, and visually rehabilitated the patient in one stage. In our series, epikeratoplasty was an effective procedure for central and peripheral corneal reinforcement in patients with thin and fragile corneas and improved visual acuity in 1 step. However, this procedure may be difficult in eyes with severe thinning; in these cases, a 2-staged technique similar to that described by Jones and Kirkness 11 is preferred.
Several complications have been reported after epikeratoplasty. Epithelial nonhealing and infection were reported in 11% to 19% of patients. 14 In our study, epithelial healing occurred in all eyes in 5 days. Morgan and Beuerman 15 reported a 20% incidence of interface opacity caused by epithelial downgrowth after epikeratoplasty in children. We observed one case of intrastromal epithelial cyst formation in 1 eye, which gradually progressed and occluded the visual axis, requiring a repeat smaller-sized lamellar keratoplasty. Other postoperative complications in this series included neurotrophic ulcer in 1 eye, which improved by medial and lateral tarsorrhaphy and severe interface neovascularization in another eye caused by preexisting total Descemet membrane detachment and ocular inflammation. Despite these postoperative complications, visual acuity was improved or remained stable in all patients, and none developed corneal hydrops during the follow-up period.
Recently, Lawrence and Kanellopolos 16 reported successful same-sized peripheral corneo-scleral rim graft. Although there was no interface opacity, corneal flattening did not occur, and there was no improvement in corneal astigmatism and visual acuity. The procedure was used only to strengthen the peripheral cornea and may be useful in cases with mild to moderate keratoglobus in which the central cornea is not too thin.
In conclusion, epikeratoplasty is a safe and effective procedure in preserving globe integrity and increasing visual acuity in patients with keratoglobus and should be considered before corneal perforation, which often leads to loss of the eye.
